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1. DFT computational method

In the Density-functional theory (DFT) calculations of the BNLTW-0.09
properties, the generalized gradient approximation (GGA) in the flavor of the Perdew-
Burke-Ernzerhoff (PBE) functional was utilized to handle the exchange-correlation
interactions. The valence electron configurations were 6s24f'45d'°6p®, 3s!, 45?342,
6s25d', 6s%4f145d* and 2s?2p* for Bi, Na, Ti, La, W and O atoms, respectively. The
Broyden-Fletcher-Goldfarb-Sanno (BFGS) algorithm was used to carry out the
geometric optimization, which continued until the maximum force dropped to a value
below 0.01 eV/A, ensuring that the system reached a stable equilibrium and that the
energies converged to a level below 1x10-¢ eV/atom, demonstrating a high degree of
accuracy in the calculations. The self-consistent field tolerance was set to 1x10¢
eV/atom, a parameter that determined the convergence criterion for electronic
structure calculations. The maximum number of cycles allowed for the self-consistent
field iteration was set to 200, ensuring that the calculation did not run indefinitely.
Additionally, a k-point grid of 8x4x8 was utilized for the Brillouin zone sampling,
which is important for accurate calculations of electronic properties in periodic

systems.
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Figure S1. Schematic diagram of the synthesis process.
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Figure S2. XRD patterns of the enlarged patterns of 38-48°.
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Figure S3. Rietveld refinement analysis of BNLTW-x ceramics.
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Figure S4.SEM images of BNLTW-x ceramics, (a) x = 0.03, (b) x = 0.06, (c) x = 0.09,
(d) x =0.12, (e) x = 0.15; (f) Evolution of grain size and volume density as a function
of x; (el-e6) Backscattered electron image and chemical-element mappings of the

sample (x = 0.15) and (e7) EDS spectra.
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Figure S5. Polarisation distribution of (a) BNLTW-0.03 ceramic and (b) BNLTW-
0.09 ceramic at 300 kV cm™! voltage.
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Figure S6. Temperature dependence of the tand and diffuseness parameter y for

BNLTW-x ceramics, (a) x = 0.03, (b) x =0.06, (¢) x =0.09, (d) x=0.12, (¢) x = 0.15.



i
/2
/A
/1 ——190KVem! A —— 19KV em!
150 KV em™ # 150 KV em™ e | 150 KV em™
110 KV em™! Vs 110 KV cm™ L - : 110 KV em™
70 KV em™ A : 70 KV em™ - : 70KV em”!

30 KV em™! | x 30 KV em™!

' L ' . 1 L L L L . L s ' i ' ' L L . L . . } I s s '
=200-150-100-50 0 50 100 150 200 =200-150-100 =50 0 50 100 150 200 =200-150-100-50 0 50 100 150 200

E (kV em™) E (kV em™) E (kV em™)

| s ]
(d) 1s i i | i
i i =——1
— 10 i : :
< ! H
5 ! I
5 i ey 5] e , !
SRl — Rt O = =
= 5| I —— 190KV em! = 4l ! | = !
b = ! - 150 KV em! Y : 150 KV em” i

R o) > ! 10KV em! o 8} 4 i 10KV em”! L i :

2 : TOKY em! 77 i 70 KV em™ i —x= 015
—1st - ; WKV em?! 12l 0 30 KV em! —60 - i @190kV em™

0

s L L L i L L L A L L L L i L L . s
=200-150-100-50 0 50 100 150 200 =200-150-100 -50 0 50 100 150 200 =200-150-100 -50 50 100 150 200

E (kV cm™) E (kV em™) E (kV em™)
Figure S7. Bipolar P-E hysteresis loops and corresponding /-E loops of BNLTW-x
ceramics: (a) x = 0.03, (b) x = 0.06, (c¢) x =0.09, (d) x = 0.12, (e) x = 0.15. () Bipolar
P-FE hysteresis loops and corresponding /-E loops of BNLTW-x ceramics at 190 kV

cml.

Fig. S7(a-e) shows the evolution of P-E hysteresis loops and corresponding /-E
curves for BNLTW-x ceramics. It can be seen that at low electric fields, ceramics with
low x-content exhibit strong ferroelectricity, while ceramics with high x-content
exhibit linear-like properties. As shown in Fig. S7(f), the ceramic (x = 0.03) exhibits a
wide P-E circle with a large critical electric field E, [electric field axial intercept, also
referred to here as the coercive field (E,)] of about 37.9 kV cm’!, a high residual
polarization (P,) of about 21.5 uC cm, and a large maximum polarization (Pp.y) of
about 57 pC cm? when the measured electric field is 190 kV cm!. This result
suggests that this composition shows the typical ferroelectric state. Meanwhile, there
are four distinct current peaks on the I-E curves, indicating the coexisted
nonergodicity and ergodicity. With the introduction of LWT, the pinched P-E loops
become slimmer, with the decreased P,,,x and nearly vanished P, and E, No obvious
current peak was detected when x = 0.09, 0.12, and 0.15. The deteriorated
ferroelectric polarization should be attributed to the increase of the ergodic relaxation
state. The polar nanoregions of the ergodic relaxation phase require a higher driving
electric field to transform into ferroelectric phase!?. The results confirm the enhanced

ergodicity and suppressed ferroelectricity with the addition of LWT.
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Figure S8. Bipolar P-E hysteresis loops of BNLTW-x ceramics under critical electric

field.

Fig. S8 shows the P-E loops of BNLTW-x (x= 0.03, 0.06, 0.09, 0.12, 0.15)
ceramics measured under the electric field before breakdown. Similar to the unipolar
P—E loops, bipolar loops change from fat to thin, and P, clearly decreases. This may
be related to stronger relaxation properties and disruption of long-range order by
LWT doping. With the introduction of LWT, the ferroelectric macro-domain vanishes,
being replaced with the discrete distribution of PNRs. As the P—E loops become
thinner, the E, greatly improves, increasing from 190 kV cm!' (x = 0.03) to 400 kV
cm! (x = 0.09).
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Figure S9. Evolution of recoverable energy storage density and energy efficiency as a

function of x.



Table S1. Comparison of the £y, W, and 5 with previous reports.

Composition
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